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The N
ational D

ose Assessm
ents W

orking G
roup (w

w
w

.ndaw
g.org) is 

an independent national com
m

ittee w
hose m

em
bers are draw

n from
 

regulators and governm
ent agencies, industry, local authorities, 

non-governm
ental organisations and specialists. It review

s and 
produces reports of best practice in the assessm

ent of the radiation 
doses associated w

ith the discharge of radioactive m
aterials to the 

environm
ent. Its view

s are those of the expert m
em

bers rather than 
their parent bodies.
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D
epartm

ent of H
ealth, has reported on a num

ber of epidem
iological studies 

near nuclear facilities. These reports are a useful source of inform
ation and, in 

general, indicate that nuclear facilities and their discharges are not likely to be 
responsible for any detectable increased risk.

The only expected effect of low
 level radiation exposure is an increased risk 

of cancer. There are problem
s in assessing this risk, how

ever, because there is 
no difference betw

een a cancer caused by radiation (or any other pollutant) 
and that w

hich occurs, apparently, spontaneously. The position is further 
com

plicated as there is a latent or lag period after exposure to any factor 
(or pollutant) before a cancer appears (this m

ay be 5—
50+ years). 

N
evertheless, the risk at the doses received from

 radioactive m
aterial 

discharges in the U
K is so low

 that it is unlikely, for the size of the population 
around a nuclear site, that an increase in cancer could reliably be detected 
unless the internationally accepted view

s of the risk presented by radiation 
exposure w

ere substantially in error.

Regulation and Risk of Radiation Exposure from
 Discharges

Q
1 

W
hat is the role of the site ow

ner/operator?

The prim
e responsibility for the m

anagem
ent of radioactive w

astes and 
discharges from

 a nuclear (or non-nuclear) site lies w
ith the operator w

ho 
holds the site licence. Even w

here the site is not ow
ned by the operator —

 for 
exam

ple, som
e N

D
A* sites —

 the operator m
ust continue to m

aintain control 
of the discharges from

 the site. The routine discharges and, ultim
ately (after 

m
aybe hundreds or thousands of years) any radioactive m

aterial w
hich gets 

into the environm
ent from

 a w
aste repository, are potential radiation hazards 

to the public. To reduce these risks to as low
 as reasonably achievable, the 

site operators m
ust use best practicable m

eans (BPM
) † to com

ply w
ith the 

requirem
ents of the regulators.

Q
2 

W
ho are the regulators and w

hat is their role?

Exposure of the public to radiation as a consequence of the operation of a 
nuclear licensed site

‡ is regulated by several agencies:

• the Environm
ent Agency (EA)

• the Scottish Environm
ent Protection Agency (SEPA)

• the H
ealth and Safety Executive (H

SE) through its N
uclear Installations 

Inspectorate (N
II).

* The N
uclear D

ecom
m

issioning Authority (w
w

w
.nda.gov.uk) is the non-departm

ental 
public body set up under the Energy Act of 2004 to m

anage the clean-up of the civil 
nuclear legacy of the U

K.

† BPM
 requires operators to take all reasonably practicable m

easures in design and 
operational m

anagem
ent of their facilities to m

inim
ise discharges and disposals of 

radioactive w
aste so as to provide a high standard of protection for the public and the 

environm
ent. It takes account of a range of factors such as availability and the cost 

of relevant m
easures. This concept is broadly the sam

e requirem
ent as best available 

technique (BAT) w
hich is replacing BPM

.

‡ A nuclear licensed site is a site w
hich is licensed under the N

uclear Installations Act 
(N

IA 1965). These w
ill include all nuclear pow

er stations, nuclear fuel and reprocessing 
sites, sites undertaking storage of, and/or research into, nuclear m

aterials, and m
ajor 

plant producing radioisotopes (N
IA 1965 and N

uclear Installation Regulations 1971).



The EA and SEPA fulfi l this responsibility by issuing authorisations w
hich set 

lim
its on the am

ounts of radioactive m
aterials that m

ay be discharged by 
specifi ed routes. They consult the Food Standards Agency (FSA) and the H

ealth 
Protection Agency (w

w
w

.hpa.org.uk) on food and health m
atters, respectively. 

The FSA has a statutory responsibility for food safety throughout the U
K and 

is independent of the regulators and the nuclear industry. The H
SE (using site 

licence conditions and the H
ealth and Safety at W

ork Etc Act of 1974) ensures 
that the operator m

aintains the external (penetrating) radiation from
 the site 

as low
 as reasonably practicable below

 the public dose lim
it (see Q

5).

Q
3 

How
 is com

pliance w
ith the authorisation dem

onstrated?

Com
pliance is dem

onstrated by m
easurem

ent of the actual discharges and 
com

paring this against the authorisation. Although not part of com
pliance, 

m
onitoring of the environm

ent and foods and the assessm
ent of radiation doses 

is carried out by the FSA and the environm
ent agencies.

Q
4 

W
ho does the m

onitoring?

M
onitoring or regulation is carried out by various 

bodies, nam
ely:

A
gency

M
onitoring responsibility

EA and SEPA*
Environm

ent

FSA
Foods, crops, seafood, etc

H
SE

External doses from
 the site

* In Scotland SEPA incorporates the m
onitoring 

requirem
ents of the FSA w

ithin its ow
n program

m
e.

Site operators are required by the environm
ent agencies as part of the licence 

for authorisation to discharge, to carry out m
onitoring of the environm

ent 
and foods. This is also a useful role in the event of an em

ergency. The results, 
from

 the environm
ent agencies, FSA and H

SE, are published annually in 
the Radioactivity in Food and the Environm

ent (RIFE) reports. Im
portantly, 

the radiation doses reported in RIFE include contributions from
 radioactive 

m
aterials discharged in previous years.

w
w

w
.n

i-enviro
n

m
en

t.g
o

v.u
k

Agency

N
orthern

Ireland 
Environm

ent

RIFE
-

13
Radioactivity

in
Food

and

the
Environm

ent,2007

2008

probably undetectably sm
all. For instance, the one in four norm

al risk of dying 
of cancer can be expressed as a 25% chance. A radiation dose of, say, 50 μSv 
(ie 50 m

illionths of a Sv) gives an added risk (using the factor described under 
Q

8) of about 0.00028% —
 the difference betw

een 25% and 25.00028% w
ould be 

im
possible to detect am

ongst the norm
al variations in cancer incidence.

Q
10 How

 do the risks com
pare —

 are they acceptable?

The risk of a health effect from
 environm

ental pollutants such as radiation 
can be put into som

e sort of perspective by com
parison w

ith other sim
ilar 

risks, eg from
 chem

icals in food. Consum
ers are exposed to som

e unavoidable 
carcinogens in food but at levels w

hich are, presum
ably, considered acceptable 

because they are strictly controlled. For instance, just to consider one group, a 
num

ber of polycyclic arom
atic hydrocarbons (PAH

s), of w
hich benzopyrene is of 

greatest signifi cance, occur in cereals, fl our, bread, vegetables, cooked m
eats, 

food supplem
ents and seafood. These are carcinogens but their contam

inant 
levels are controlled by m

onitoring and com
parison w

ith internationally agreed 
lim

its, exactly as radiation doses are. The levels of PAH
s in a norm

al diet 
w

ith som
e seafood w

ould present a probable annual risk of cancer of about 
6—

30 in 10,000,000 (the larger fi gure being for a high seafood consum
er). For 

com
parison, a typical radiation dose as a result of discharges of, say, 40 μSv 

presents a risk of about 22 in 10,000,000. These risks are considered acceptable 
but they do suggest that, at low

 (or ‘environm
ental’) levels, radiation risks are 

not very different from
 those associated w

ith a norm
al diet but are, of course, 

in addition to it.

Q
11 How

 do I fi nd out about health statistics in m
y area?

H
ealth statistics are available from

 the O
ffi ce of Population and Census Surveys 

(O
PCS, w

w
w

.statistics.gov.uk), w
hich is part of the O

ffi ce for N
ational Statistics, 

over county regions and the Sm
all Area H

ealth Statistics U
nit (at Im

perial 
College, w

w
w

.sahsu.org) has access to data w
hich could be used to detect 

variations in sm
aller areas*. The Com

m
ittee on M

edical Aspects of Radiation 
in the Environm

ent (CO
M

ARE, w
w

w
.com

are.org.uk), w
hich is sponsored by the 

* W
hen considering sm

all geographical areas, data on the incidence of cancer m
ay be 

lim
ited —

 this m
eans that signifi cant random

 fl uctuations betw
een different areas can 

be expected over tim
e. It m

ay therefore be im
possible to distinguish statistically any 

m
easurable effect from

 such fl uctuations.



Q
9 

Are the risks detectable?

In a m
odern, industrialised society there are m

any pollutants in the 
environm

ent. M
ost of these present som

e risks w
hich people accept because 

they are sm
all and assum

ed to be controlled. M
any quite com

m
on pollutants in 

food and the environm
ent are know

n to be involved in the causation of cancer, 
eg benzene, nitrosam

ines, arsenic, paraffi n oil, coal tar, tobacco sm
oke, 

asbestos, som
e chem

ical dyes, fungal toxins and viruses, and radiation. Thus 
radiation is just another pollutant but for w

hich the risks m
ay be better know

n 
than for m

any of the chem
ical pollutants w

hich are in the environm
ent. For 

m
ost of these pollutants, including radiation, there is no threshold, ie no ‘safe’ 

level, but the risk increases from
 zero w

ith increased exposure —
 this m

eans 
that even natural background radiation, w

hich varies quite signifi cantly across 
the U

K, w
ill be responsible for a few

 per cent of all cancers.

The radiation doses from
 current discharges of radioactive m

aterials are very 
sm

all com
pared even to natural background doses (see the fi gure) so the overall 

risk is also very sm
all. O

verall about one in four people die of cancer in the 
U

K. M
ost of these cancers are the result of random

 errors in D
N

A replication 
but w

hich are infl uenced by diet and lifestyle. H
ow

ever, the num
bers of 

cancers directly attributable to any particular environm
ental pollutant is 

Average annual dose to the U
K population —

 2.7 m
Sv overall

Q
5 

W
hat is the public dose lim

it?

The radiation dose lim
it for m

em
bers of the public is the annual dose that 

w
ill present a risk w

hich is considered acceptable. The current value, w
hich 

is one m
illisievert (1 m

Sv, ie one-thousandth of a sievert, Sv —
 see below

) per 
year, has been derived from

 a com
parison w

ith the risks of m
odern living w

hich 
the public experience and w

ould consider broadly acceptable. Risk in this 
context is the probability or likelihood, not certainty, that there w

ill be som
e 

health effect —
 for low

 level exposure to radiation this is an increased risk of 
cancer (see Q

9).

Q
6 

How
 are authorisation lim

its set?

Authorisations are set so that discharges of radioactive m
aterial from

 one 
site, at the m

axim
um

 perm
itted, do not give rise to a radiation dose to any 

m
em

ber of the public w
hich is above a planning dose* (w

hich is about one-
third of the public dose lim

it). Environm
ental ‘predictive m

odels’ are used to 
estim

ate how
 the discharged m

aterial w
ill be incorporated into crops, fi sh, 

etc. H
abit surveys are also carried out to ascertain, for instance, how

 m
uch 

local food is consum
ed and the tim

e people spend in potentially contam
inated 

areas. This inform
ation is then com

bined to provide estim
ates of people’s 

likely exposure to radiation as a result of discharges. The m
odelling is typically 

based on conservative assum
ptions and, as discharges are usually w

ell below
 

the m
axim

um
 perm

itted, results in estim
ates w

hich are generally higher than 
actual doses. In com

paring the doses assessed from
 discharges w

ith either the 
dose lim

it or planning doses, consideration is also m
ade of current levels of 

radioactivity in the environm
ent and other m

an-m
ade exposure pathw

ays. The 
m

odels used are subject to independent assessm
ent by N

D
AW

G
.

* This is an annual planning dose (w
hich is not expected to be exceeded) to a 

person from
 a single source of radiation exposure, eg the future discharges from

 a 
nuclear pow

er station but not including pre-existing radioactive contam
ination of the 

environm
ent. It is set as a restriction so that the aggregated dose from

 all sources 
(excluding natural background and m

edical procedures) does not exceed the dose 
lim

it of 1 m
Sv.



Q
7 

How
 are radiation doses to m

em
bers of the public 

assessed?

D
oses to the public arise from

:

• doses from
 radioactive m

aterials taken into the body from
 food and w

ater

• external radiation doses from
 the site.

External doses (if detectable —
 see Q

9) are easily m
onitored by radiation 

detectors placed around the site or by surveys using handheld m
onitors. 

O
ccupancy of these areas w

ill have been established by surveys of individual 
habits. H

ow
ever, it m

ay be diffi cult to distinguish these doses from
 natural 

background radiation (for m
ore inform

ation on natural background radiation 
see w

w
w

.hpa.org.uk).

The doses from
 the intake of radioactive m

aterials in food are not so 
easily assessed. H

ow
ever, in essence, they are estim

ated by m
ultiplying 

the concentration of any radionuclide in a food, the am
ount consum

ed 
and an age-specifi c dose conversion factor (w

hich converts the am
ount of 

radioactivity taken in, to the radiation dose to body tissues). This factor, 
determ

ined by research, is a generic factor and therefore m
ay not apply to 

all individuals —
 this im

plies som
e uncertainty in the resulting dose estim

ate. 
O

ther uncertainties are associated w
ith assum

ptions w
hich have to be m

ade 
about such aspects as the actual consum

ption rates of food. H
ow

ever, this 
calculation is carried out for a representative m

em
ber of the public (w

ho m
ay 

©
 CEFAS

D
eposition

Ingestion

Ingestion

Pipeline
Inhalation and 

irradiation

Ingestion

Possible routes of exposure and intake

be hypothetical in that he/she does not currently exist near a particular site) 
w

ho has extrem
e, but realistic, habits in term

s of food consum
ption and/or 

occupation of contam
inated areas. The principle being applied here that if such 

a person is protected, the rest of the population w
ill also be. The fi gure below

 
illustrates possible routes of exposure and intake.

Q
8 

How
 are radiation doses converted into risks?

From
 the experiences of groups of people w

ho have been exposed to large 
doses of radiation (notably the survivors of the atom

ic bom
bings in Japan in 

1945), estim
ates have been m

ade of the long-term
 effects of exposure to 

radiation in relation to dose. These estim
ates are, of course, subject to som

e 
uncertainty w

hen applied to the environm
ental situation because, for exam

ple, 
they w

ere derived from
 very high doses received in a very short period of tim

e. 
H

ow
ever, the risks do seem

 to fi t w
ith those derived from

 large epidem
iological 

studies carried out on radiation w
orkers w

ho received very m
uch low

er doses 
over m

any years, eg the N
RRW

 study*. U
sually these estim

ates are distilled into 
one ‘risk factor’ of contracting any cancer —

 for m
em

bers of the public this 
risk is about 5.5 in 100 per Sv (the sievert or Sv is a very large unit of radiation 
dose) or roughly betw

een 5 and 6 in 100,000 per m
Sv.

* This is the N
ational Registry of Radiation W

orkers w
hich includes all radiation w

orkers 
in the U

K. So far three epidem
iological studies have been published w

hich cover cancer 
and other diseases in about 125,000 w

orkers.
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